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NOTICE

This report was prepared as an account of work sponsored by the United
States Government. Neither the United States nor the United States
Atomic Energy Commission, nor any of their employees, nor any of their
contractors, Subcontractors, or their employees, makes any warranty,
express or implied, or assumes any legal liability or responsibility for
the accuracy, completeness or usefulness of any information, apparatus,
product or process disclosed, or represents that its use would not in-
fringe privately owned rights.
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INTRODUCTION

Brookhaven National Laboratory is a scientific resecarch center situated
in Suffolk County on Long Island, about 70 miles cast of New York City. Its
location with regard to surrounding communities is shown in Fig. 1. Except
for shoreline communities, much of the land area within ten miles is currently
either forested or under cultivation.

The Laboratory site with its principal effluent-producing facilities is
shown in Fig. 2. It consists of some 4,500 acres, most of which is wooded,
except for a central area of less than 1,000 acres. The site terrain is
gently rolling, with elevations varying between 120 and 40 feet above sea level.
The land lies on the west rim of the shallow Peconic River watershed, with the
river itself rising in marshy areas in the north and east sections of the site.

A wide variety of scientific programs are conducted at Brookhaven, in-
cluding research or development in the following areas:

1) Structure and properties of matter.

2) Physical, chemical and biological effects of radiationm.
3) Radioisotopes and other nuclear tools.

4) Nuclear technology.

Among the major scientific facilities operated at Brookhaven to carry out

the above programs are:

1) The High Flux Beam Reactor (HFBR) is enriched uranium
fueled, heavy water moderated and cooled, and has a
routine power level of 40 MW.

2) The Medical Research Reactor (MRR) is an integral part
of the Medical Research Center. It is enriched uranium
fueled, natural water modcrated and cooled, and is
operated intermittently at power levels up to 3 MW.

3) The Alternating Gradient Synchrotron (AGS) opcrates
at energies up to 33 BeV.

4) The 200 MeV Proton Linac serves as an injector for the
AGS, but will also supply continuous currents of protons

for isotope production by spallation rcactions.
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5) The Tandem Van de Craaff, 60<inch Cyclotron, Ruscarch
Van de Graaff, Vertical Accelerator and Chemistry Van
de Graaff are used in medium energy investigations, as
well as for special isotope production.
6) The High Intensity Radiation Development Laboratory

(HIRDL) contains million-curie range Oco and 137cs
sources.

Additional programs involving irradiations and/or the use of radionuclides
for scientific investigations are carried on at other Laboratory facilities,
including the Medical Research Center, the Biology Department (including two
multi-curie field irradiation sources), the Chemistry Department, and the De-
partment of Applied Science. The latter includes the Hot Laboratory, where
special purpose radioisotopes are developed and processed for on and off-site
use.

Most of ﬁhe airborne radicactive effluents at Brookhaven originate from
the HFBR, the MRR and the Research Van de Graaff. The first two also produce
significant fractions of the Laboratory's liquid radioactive effluents, but
additional significant contributions originate from the Medical Research Center,
the Hot Laboratory complex, as well as from decontamination and hot laundry
operations.

SUMMARY

Natural background and radiation levels in the vicinity of Brookhaven
National Laboratory attributable to iﬁs operations during 1971 are summarized
in this report. Among the data reported are external radiation levels, air
particulate, tritium and radioiodine concentrations, precipitation, liquid
effluent-related concentrations in stream, ground water and surveillancc wells
milk, grass and soil samples.

External radiation levels at the north boundary of the Laboratory, attrii -

utable' to an ecology forest irradiation source, were 16 mR/yecar, or 3% of the
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applicable radiation protection standard(l). Other thun tritinm, there was
no indication of BNL c¢fflucnts in onvirormental air and precipitation samples.
In air, the largest BNL ceffluent-related tritium concentration was 8 pCi/m3,
which is 0.0047% of the applicablec standard. 1In precipitation it was 300 nCi/l,
which is 0.01% of the standard for drinking water.

About 757% of the volume of liquid effluent released onto the sand filter
beds at the BNL sewage trcatment plant is recovered and flows into the head-
waters of the 'Peconic River, while about 257 of it flows into the ground water
underlying the beds. The gross concengratioﬁ of beta and gamma-emitters in it
was 47, of the applicable radiation standard. Tritium, which is measured sepa-
rately, was 0.3% of its standard.

Of the input from the sand filter beds to the Peconic River, 657 permeated
into the ground water underlying the stream bed between the point of release
and the Laboratory perimeter, while 35% flowed over the measuring weir at the
boundary. The gross beta and gamma-emitter concentration at the site boundary
was 2% of the applicable radiation protection standard, while that of tritium
was 0.37% of its standard.

At downstream locations, the largest yearly average gross beta concentra-
tion in monthly grab samples was 0.7% of the applicable radiation protection
standard, while that of tritium was 0.1% of its standard. The downstream gross
beta concentrations were not significantly different from those measured at
remote ''control" stream locations.

Seasonal sampling of Peconic River bottom sediments, stream vegetation
GOC

and of miscellaneous aquatic fauna indicated that small conccntrations of o

(< 1,000 pCi/kg), and a slight excess (< 10,000 pCi/kg) of 137Cs above prevailing
fallout background, were present in some samples obtained in the upper reaches

of the Peconic, on-site and a few miles downstrcam. These concentrations are

insignificant (< 17%) reclative to calculated concentration guides.
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Routine grab samples from the Laboratory's putable and cooling water
supply wells disclosed no consistent differences between those upstream in
ground water flow and thosc downstrcam from the principal Laboratory facilities.
The gross beta concentration of the large volume of cooling water relcased to
on-site sumps was only very slightly above that of the supply wells,

Ground water surveillance was conducted adjacent to identified areas
from which there is a potential for the miéracion of radioactivity. Immedi-
ately adjacent to the sand filter beds and the Peconic River on-site, gross
alpha, gross beta, strontium and tritium concentrations up to a few percent of
the applicable radiation protection standards were found.

On-site in wells adjacent to a decontamination facility drain sump, and
adjacent to the Solid Waste Disposal Area, a few gross beta, 905: and 137Cs
concentrations were found in excess of off-site radiation protection standards.
However, these appear to be very local, and concentrations in perimeter wells
were generally only a few percent of the standards.

Monthly milk samples were obtained from two nearby dairy farms. No signi-
ficaﬁt differences between these and those generally prevailing in the northeast
United Sca?es were apparent. Two sets of grass and soil samples were also
collected from these and three ocher.farms, as well as from perimeter and
on-site locations. There was no significant difference between off-site samples
generally downwind and those generally upwind of Brookhaven. A possible.small
excess of 137Cs was apparent at the BNL northeast perimeter and adjacent to the
Solid Waste Disposal Area, compared to other samples.

MO&ITORING DATA COLLECTION, ANALYSIS AND EVALUATION
External Exposure Monitoring .
External radiation levels, including natural background (as influenced by

fallout) and increments attributable to BNL activities were mecasured continuously
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at the four perimecter stations shown on Fig. 2. Included in cach station's
cquipment was an ion chamber aund dynamic condensor clectrometer. Those units
are capable of accurately measuring < 10 pR/hr and of dectecting changes of
the order of 1 pR/hr.

The observed monthly average radiation levels are set forth in Table I.
There was no increment to the natural background attributable to BNL activities,
except at the northeast perimeter station. At this location, the Ecology Forest
irradiation source, which contained about 7,000 curies of 137Cs, produced a
measurable radiation level. Since the station was located about 250 feet south
of the present BNL north boundary, the observed readings have been adjusted on
the basis of spot comparisons, which indicate an average ratio of 0.2 between
the station and the actual north perimcter radiation levels.

Ground-Level Air Particulate, Tritium and Radioiodine

During 1971, "high volume" (20 ft3/min) positive displacement air pumps
(Gast 3040) were operated at a monitoring station immediately east of the Solic
Waste Disposal Area, and at the southeast and southwest perimeter monitoring
stations (Fig. 2). The air sampling media consisted of a 3 inch diameter air
particulate filter (Gelman Type G) followed by a 3" x 1" bed of petroleum-base.
charcoal (Columbia Grade LC 12/28 x mesﬁ) for sampling of radichalogens. The
Solid Waste Disposal Area air particula:e filter was changed and counted on a
daily (5 times per week) basis. The remaining samples were changed and count::
on a two-week basis through September, and weekly thereafter.

After allowing several days for the decay of short-lived natural radio-
activity, gross alpha counts of the one-day air particulate samples (from th.
Solid Waste Disposal Area stations) were made using a 5" diamecter Zn-S coatoer
photomultiplier. After a similar delay, gross beta counts were made of all ..«

parciculhtc samples, using a 5" beta scintillator. These data are shown in
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Table IL. Ko consistent differcnces between sampiing locatioas were apparent
and there was no indication of BN clfluent radionuclides in uir particulate
samples at any location.

Continuous tritium vapor collections, usingrthermo-clectric coolers, were
made at the southeast and northecast perimeter stations which are most fre-
quently downwind from the High Flux Becam Reactor stack. These collections
were composited on a monchly basis, and after enrichment by electrolysis, were
assayed for tritium. Net concentéatians of tritium vapor in air at the BNL
perimeter, which are assumed to be principally attributable to HFBR stack
effluent tritium vapor, were arrived at by subtracting the tritium concentration
from the perimeter sampled concentrations found in an off-site precipitation

collection. The result was converted to an air concentration by assuming that
3

1 pCi/ml in vapor corresponds on the average to 10 pCi/cm” in air. This is
only strictly so at 59°F and 50% R.H. These air concentration data are shown
in Table III. |

In addition to the gross beta counts indicated above, analyses for gamma-
emitting nuclides were performed on a consolidated monthly composite of all
individual air particulate samples shortly after the end of each month. Addi-
tional air particulate analyses were also scheduled at six-month and one-year
post-collection to facilitate the resolution of short- and long-lived nuclides
with photopeaks too close to be resolved by the Nal detecticn system employed.
The charcoal samples were reanalyzed at one month post-collection to determine
1311 by decay in its photopeak region during this time. Available data are
reported herein in Table IV. 1In the absence of any rccent fission products
during most of the year, all transactions in its encr;y rcgion have been atetri-

buted to 285-day 1M‘Ce. These data do not disclose any indication of BNL

effluents.
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. Precipitation

Two pot-type rain collectors, each with a surface area of 0.33 mz, were
situated adjacent to the BNL filter beds. Two routine collections werc made
from these, one whenever precipitation was observed during a previous 24-hou§
(or_weekend) period, and the other once a week whether or not precipitation
had occurred. Part of each collection was evaporated for gross beta counting,
a small fraction comﬁosited for monthly tritium analysis, and the balance put
through ion exchange columns for subsequent monthly 895:-908r and gamma
analyses. The data are reported in Table V.

With the exception of tritium, there is no indication in the on-site
precipitation collection of the washout of BNL released airborne radicactivity.
As indicated in Table VI, the 3H concentration in the collector located at the
filter beds (which are in a predominant downwind direction) appears to have been
about twice that of the off-site collection. The total deposition of 3H on the
BNL site (about 4,000 acres) during 1971 was between 5-10 curies. The lower

estimate is based on the concentration in the off-site collection, and the

upper on that in the on-site downwind sample.

Liquid Effluent Monitoring

Within established administrative limits, microcurie amounts of low-level
radioactive liquid effluents are routinely diséosed of by release into the
Laboratory's sanitary waste system. This affords considerable dilution-By a
large volume (~ 106 gal/day) of uncontaminated water. Primary treatment to
remove suspended solids from the liquid effluents discharged to this system is
provided by a 250,000 gallon Clarifier. The liquid effluent then flows onto
sand filter beds, from which most of it is recovered by an underlying tile

field., It is then chlorinated and released into a small stream that forms one

of the hecadwaters of the Peconic River.
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A schematic illustration of the sewage Lreatment plant, iucluding the
related monitoring arrangemcents, are shown in Fig. 3. 1In addition to the
in-plant flow measurcment and sampling instrumeutation, totalizing flow-
meters (Lecopold & Stevens TF 61-2), which include provision for actuating
a sampler with each 2,000 gallons of'flow in combination with a positive-action
battery-operated sampler (Brailsford DU-1), are installed at the Chlorine House,
at the former site boundary 0.5 miles downstream on the Peconic, and at the
site boundary (1.6 miles downstream).

The monthly average flow and the monthly totals of gross beta and princi-
pél nuclide activities at the Clarifier (input to the filter beds) and at the
Chlorine House (output from the beds) are shown in Table VII. Yearly totals
and average concentrations are also indicated. It is apparent that not all of
the liquid effluent flow into the sand filter beds appears in the output from
them. The balance presumably mixes with the ground water flow under the beds.
Estimates of the amounts of radioactivity released to the ground water in this
fashion during 1971 are also shown in Table VII. These were calculated on the
assumption that the average concentrations of the contained nuclides correspon-i.i
to those in the observed output from the beds.

Flow, activity and concentration information at the former site boundary
and at ché present site boundary are shown in Table VIII. A greater stream
flow was observed at the former site boundary than at the Chlorine House,
reflecting some upstream addition to the BNL stream effluent. There is a
negligible change in the total activity in the stream between these two loca-
tions. However, there was a considerable reduction in stream flow between tb«
former perimeter and the present site boundary. Upper limit estimates of ti

total activity so relecased to ground water, based on the concentrations obscr:.d

at the boundary, are also shown in Table VIII.
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Monthly "grab” water samples were obtainced at vn and olf-site locations
along t'+ upper tributary of the Pecounic River, into wliich the Lahoratory
routi: discharges low-level radioactive wastes. Rulercnce "grab" samples

were also obtained from other ncarby strcams and bodics of water outside the
Laboratory's drainage area. The sampling locations as shown in Fig. 4 were
as follows:

Off-Site (Peconic River, proceeding downstrcam)

A <« Peconic River at Schultz Rd. 15,900 ft. downstream

B - Peconic River at Wading River;Manorville Rd., 23,100 ft.
downstream ‘

C - Peconic River at Manorville, 35,000 ft. downstream
D - Peconic River at Calverton, 46,700 ft. downstream
R - Peconic River at Riverhead, 63,500 ft. downstream

Controls (Not in BNL Drainage)

E - Peconic River, upstream from BNL effluent cutfall

F - Peconic River, north tributary (independent of BNL
drainage) .

H - Carman's River - outfall of Yaphank Lake

I - Artist Lake (maintained. by water table, no surface
outfall)

J - Lake Panamoka (maintained by water table, no surface
outfall)

The individual monthly and yearly average gross becita and tritium concentra-
tions at the downstream and control locations are siown in Table IX. A
comparison suggests that the BNL effluents have little effect on the prevailing
concentrations in the Peconic.

During the summer of 1971, additional sampling of the streum bottom sediment,

of immersed and emergent vegetation, and of small stream fauna was conducted

along the length of the Peconic. Control samples were obtained from the Carman's
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River. Sampling locations corresponded to thosce used fer wouihly water
samples. In addition, samplus were obtained on-site at the followin: locations:
On-Site (procceding downstrecam)
K - Peconic River at effluent outfall.

L - Peconic River, 1300 ft. below effluent outfall,

L’ - Peconic River, 2000 ft. below effluent outfall.

M - Peconic River, 2600 ft. below effluent outfall (at former BNL boundary)

Q - Peconic River, 6900 ft. downstream (at BNL boundary).

Off-Site

V - Peconic River (54,600 ft. downstream)

W ~ Peconic River (59,600 ft. downstream)

The sediment data are shown in Table X. Small concentrations of 60Co and

6SZn, as well as small increments in the 137Cs, U and Th backgrounds are
apparent in most samples obtained on-site and in the upper reaches of the
Peconic. The corresponding vegetation data are shown in Table XI. These show
considerable scatter. Small concentrations of 6°CO'and a slight excess of
137C$ over prevailing backgrounds may have been present in vegetation in the
upper rea;hes of the Peconie, at tge BNL boundary and immediately downstream.
A few samples of fish, turtles and one of clams were also obtained along the
upper reaches of the Peconic. These data, which are shown in Table XII, appear
compatable to those found in vegetation. When the concentrations found it these
samples are compared with radiation concentration guides, calculated on the
basis of an assumed intake of 50 grams/day, the potential exposures from
aquatic animals obtained from the upper rcaches of the Peconic appear to be
quite insignificant.

Potable Water Supply Wells

The Laboratory's potable water supply wells and cooling water supply wells

are about 100 feet decp, or about 50 fcet below the water table in the Long
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.sland surface layer of glacial outwash, sand and gravel. As apparent from
rig. 5, most of these wells arc located generally west to northwesnt, and
therefore upstream in the local ground water flow pattcru(z), o{ the Labora-
tory's principal facilities. The exceptions are main well Nos. 1 and 3, and
the small well No. 5 adjacent to the sand filter beds. A total of about
S x lO6 gal/day is obtained from these wells.

Monthly grab samples were scheduled for these wells. These were analyzed
for gross alpha, gross beta and tritium. All gross alpha concentrations were
less than 1 pCi/l, and all tritium concentrations were less than 1 nCi/l.

The gross beta results are set forth in Table XIII. There are no differences

in the gross beta concentrations in these wells which might be attributed to

BNL effluents.

Recharge Basins

About 4 x 106 gal/day of the total water pumped from the ground water
supply under the BNL site, is returned to this supply in three large open
recharge sumps located about 1 km north of the Liquid Waste Evaporator Facility,
about 1 km east of the HFBR, and about 1 km south of the MRR. These are moni-
tored by routine monthly grab sampling. Their average gross beta and tritium
concentrations, shown in Table XIV, weée only very slightly in excess of
those in the BNL supply wells.

Cround Water Surveillance

Several areas from which there is a potential for the migration of radio-
activity downward from the surface into the saturated zone of ground water,
have been identified. Ground water sampling was routinely conducted in shalluw
wells located adjacent to and downstrcam from these areas. These arcas ifonclud:
the Sand Filter Beds and downstream along the Peconic River, the Solid Waste

Disposai Area, the former open-pit dump and the sanitary landfill which repluced

it in 1965, and the Decontamination Facility Sump. Their locations and those
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of the related ground water surveillance wells arve shown in Fig. 6. Dutnileég
“locations of the several wells inctatled ar the Soli! Ugste Disposal Area
are shown in Fig. 6-A.

For convenience in assessing the data, the wells have been divided fnto
several groups. Yearly average gross alpha, gross beta and tritium concentra-
tions of the wells generally in the proximity of the Sand Filter Beds and
downstream on the Peconic River are summarized in Table XV. At least one
sample from most of these locations was also analyzed from 9oSr and 137Cs (by
gamma analysis) during the year. Th;s dataiis also indicated as available.
Corresponding information for the wells generally in the proximity or downstream
of the Solid Waste Disposal Area, the landfill and dump zones, and of the
Decontamination Facility Sump (about 1 km east of the HFBR) is summarized in
Table XVI.

From these data, it appears that the spread of contamination in the
ground water, if any, is limited to within a few hundred feet of the identified

foci and that this is limited to a small percentage of the applicable Radiation

Protection Standards.

Milk Sampling

Monthly samples of milk were obtained from the two nearest dairy farms
located 10 km south-southwest and 10 km.south-southeast of Zrookhaven. These
samples were analyzed for gamma-emitters and then processed through an ion
exchange column to improve the lower detection capability for 1311. The data
are indicated in Table XVII. There is no significaant differcnce between these
and the average 1971 concentrations reported(s) for milk samples in the north-
east region of the United States by the Environmental Protection Agency.

Crass and Soil Sampling

Two sets of samples, one early in the growing scason and one toward its

end, were collected adjacent to most of the BNL perimeter monitoring stations
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and from a number of off-site farms. A few on-site samples were also
obtained. These were analyzed for guazwa-emitting nuclides. The data for
soil are shown in Table XVIII and thuse for grass in Table XIX. Comparison
of off-site downwind samples (6 km northeast and 10 km southeast) with other
samples discloses no consistent differences. Comparison of off-site sampleé
with on-site samples suggests the possible presence of a slight excess of

137Cs in samples obtained at the northeast perimeter and adjacent to the

ir e

Solid Waste Disposal Area. T e e

, . . : 4 o
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1971 ENL ENVTRONMENTAL MONITORING
BACKCROUND AND SOQURCE RADIATION LEVELS

AT_THE TAPORATORY PFRINMETFR_(MTLLTROENTONS/WEEK)

Northwest Southwcst/ Southeast
Perimeter Perimeter Perimeter Northeast Perimeter All Statio:
a1 th (Backeround) (Backsround) (Backrround) ¢« (Backusround)  (Source) (Backeroun:
“an. 1.74 1.81 1.72 1.68 0.24 1.73
“ob. 1.62 1.65 1.64 1.63 0.25 1.64
‘arch 1.64 1.67 1.67 1.59 0.26 1.64
il 1.66 1.62 1.62 1.60 0.26 1.63
‘ay 1.74 1.73 1.83 1.61 0.31 1.73
June 1.76 1.77 1.86 1.59 0.32 1.74
July - 1.77 1.79 1.85 1.63 0.35 1.76
Aug. 1.73 1.92 1.90 1.76 0.38 1.83
Sept. 1.72 1.90 1.90 1.72 0.37 1.81
dct. 1.75 1.92 1.98 1.76 0.35 1.35
Nov. 1.80 1.97 2.06 1.82 0.30 LAﬂi
dec. 178 1.92 2.05 L.79 028 1.89
Average 1.73 1.81 1.84 1.68 0.31 1eion
Yearly . , i b
Total 90 9 95 87 16* 92
Radiation .
Protection
- - - 500 -

Standard (1)

Estimated Error + 0.10 mR/wk.

* . . : .
Measured 250 feet from North Perimeter and adjusted on the basis of spot comparisons
between levels at this location and the perimeter.
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1972 BNI, CNVIRONMENTAL MONITORTMC MONTHLY AVERAGE GCROSS ALPHA
AND GROSS BETA COMUCEIVIRATIONS, AIR PARTICULATE FITTERS (&i/mj)

_ Gross Alpha Gross Reta

ath Location No. Average Maximum Minimum  No. Average Maxizwom T 4
n. Wastc Disposal 22 0.0012 0.0039 < 0.0001 22 G.1115 0.4650 a.0174.
S.W. Perimeter - - - - 5 0.1122 0.1840 0.0338

N.E. Perimeter - - - - 5 0.0998 0.1760 0.0532

b Waste Disposal 21 0.0010 0.0024 < 0.0001 21 0.0783 0.1680 0.0523
S.W. Perimeter - - - - 5 0.0716 0.1270  0.0523

3 0.0828 0.1140 0.0451

N.E. Perimeter - - - -

.rch Waste Disposal 23 0.0010 0.0019' < 0.0001 23 0.0869 0.2460 0.0170
S.W. Perimeter - - - - 4 0.0898 0.1170 0.0554

N.E. Perimeter - - - - 4 0.0808 0.1080 0.0763
pril Waste Disposal 21 0.0010 0.0021 0.0003 21 0.0965 0.2940 0.0222
S.W. Perimeter - - - - S 0.1142 0.2030 0.0465
N.E. Perimeter - - - - 5 0.1011 0.1450 0.0465
Jlay ) Waste Disposal 21 0.0009 0.0025 0.0005 21 0.1430 0.2830 0.0609
S.W. Perimeter - - - - 4 0.1246 0.1850 0.0736
N.E. Perimeter - - - - 4 0.1202 0.1570 0.0558
‘une Waste Disposal 22 0.0006 0.0018 < 0.0001 22 0.1734 0.3690 0.0837
S.W. Perimeter - - - - 5 0.2040 0.2570 0.1130
N.E. Perimeter - - - - S 0.1720 0.2580 0.0612
July Waste Disposal 20 0.0013 0.0026 0.0006 20 0.2005 0.3700 0.068¢
S.W. Perimeter - - - - S 0.1754 0.3030 0.08%1
N.E. Perimeter - - - - 5 0.1696 0.3120 0.C.-:
Aug. Waste Disposal 22 0.0016 0.0036 0.0009 22 0.1233 0.1630 0.069°
S.W. Perimeter - - - - 4 0.1232 0.1670 0.083!
N.E. Perimeter - - - - 4 0.1056 - 0.1300 0.092
Sept. Waste Disposal 21 0.0012 0.0034 0.0003 21 0.0927 0.1350 0.030
S.W. Perimeter - - - - 4 0.0997 0.1270 0.057
N.E. Perimeter - - - .- 4 0.0838 0.1100 0.038
Oct. Waste Disposal 22 0.0009 0.0020 0.0002 22 0.0643 0.1620 0.030
S.W. Perimeter - - - - 5 0.0525 0.0897 0.031
N.E. Perimeter - - - - 5 0.0409 0.0475 0,035
Nov. Waste Disposal 19 0.0007 0.0014 0.0003 19 0.0529 0.1060 0.01¢
S.W. Perimeter - - - - 4 0.0431 0.0513 0.02°
N.E. Perimeter - =~ - - - 4 0.0358 0.0430 0.02
Dec. Waste Disposal 20 0.0009 0.0027 0.0002 20 0.0428 0.0848 0.0L
S.W. Perimeter - - - - 5 0.0482 0.0708 0.02
N.E. Perimeter - - - - S 0.0375 0.0508 0.02
Average Waste Disposal 254 0.0010 0.0039 < 0.0001 254 0.1006 0.4650 0.0t
S.W. Perimeter - - - - 55 0.0879 0.3030 0.02
N.E. Perimeter - - - - 54 0.0938 0.3120 0.02
Est. 7 Error of Individual Sample + 25 + 10
Radiation Protection Standard 0.100 100
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June
July
August
Sept.
'Oct.
Nov.

Dec.

1971

Estimated Error (at 95% confidence limits):
Radlation Protectlon Scandard(l)
*Fop unidentiffcd alpha-cmitters

Ll ded | : . -
l(’71 h“t éMTRO’h‘A‘I‘EN'ﬂAh H()Nl'ﬂ’lll&‘(’(? PIMBL Il rvwimsensve o
AND CROSS BETA CONCENTRATIONS, AR PARTTCULATE T I.T'I?!!ti‘g»(ﬂuﬁ)_

Location

Waste Disposal
S.W. Perimeter
S.E. Perimecter

Waste Disposal
S.W. Perimeter
S.E. Perimeter

Waste Disposal
S.W. Perimeter
S.E. Perimeter

Waste Disposal
S.W. Perimeter
S.E. Perimeter

Waste Disposal
S.W. Perimeter
S.E. Perimeter

Waste Disposal
S.W. Perimeter
S.E. Perimeter

Waste Disposal
S.W. Perimeter
S.E. Perimeter

Waste Disposal
S.W. Perimeter
S.E. Perimeter

Waste Disposal
S.W. Perimeter
S.E. Perimeter

Waste Disposal
S.W. Perimeter
S.E. Perimeter

Waste Disposal
S.W. Perimeter
S.E. Perimeter

Waste Disposal
S.W. Perimeter
S.E. Perimeter

Waste Disposal
S.W. Perimeter
S.E. Perimeter

15
19

17

Cross Alpha

Averace Maximum  Minimum
0.0?07 0.0?29 0.0?05
0.0;12 0.0é?l < 0.0%01
0.0%1} ' 0.0é1§ 0.0%01
0.0%09 0.0;22 < 0.0%01
0.0%14 0.0%70 0.0%01
0.0élz 0.0;33 < 0.0&01
0.0%09 0.0;18 0.0%01
0.0;11 0.0;32 < 0.0;01
0.0;08 0.0;16 0.0&01
0.0;08 0.0;31 < 0.0;01
0.0%09 0.0;21 0.0;04
0.0%08 0.0élB 0.0%05
0.0;10 0.0é?O < 0.0;01

0.1000*

Cross Deta
No. Aver.ee sl
21 0.075 0.116
2 0.096 0.112
20 0.087 0.153
2 0.081 0.102
2 0.112 0.142
23 0.177 0.338
2 0.152 0.164
2 0.172 0.199
22 0.230 0.395
2 0.213 0.214
2 0.255 0.255
24 0.428 0.910
2 0.352 0.445
2 0.289 0.450
22 0.458 0.760
2 0.396 0.406
2 0.435 0.472
23 0.420 0.660
2 0.352 0.461
2 - 0.443 0.544
23 0.263 0.905
2 0.235 0.245
2 0.263 0.287
23 0.118 0.195
3 0.123 0.143
3 0.120 0.148
23 0.077 0.144
4 0.093 0.171
4 0.104 0.182
21 0.080 G.165
4 0.057 0.067
4 0.084 0.0u0
22 0.074 0.128
4 0.043 0.036
4 0.086 0.096
267 0.207 0.905
33 0.179 3.461
31 0.215 0.544
Betas
10,007

Cross Alpha + 0.0001 or t 25%; Crosus

**For unidentificd beta-cwmittoers

LGSy

0.080

0.021
0.059
0.083

(= o o ]
—~ -0
w o

5
4
. 4
0.043

v.212
).258

0.072
3.25¢&
D.128

0.08:
0.38¢
0.39.

.12
9,28
‘)0 -3"‘

.07
D.22
.23

.06
0.08
2.07

1,02
1.,0<
0.0

c o e
cQQ

c oo
.

LS
~Oo0 06000

-,
-
.

[P



TABLE TII

1971 BNL ENVIRONMENTAL MONITORILNG MONTHLY AVERAGE
TRITIIM CONCENTRATION I3 ATR_ (nCi/w3)

Month No. of Samples S.W. Perimeter ~— No. of Samples N.E. Perimcter
Jan. 1* 11 0 -
Feb. 1* 10 0 -
March 1* 5 0 -
April 1* 4 1* 10
May " 1* 3 1* 9
June 1* 15 1* 12
July 1* 0 1* 15
August 1* 1 1* 3
Sept. 1* ] 1* 4
Oct. 1* 2 1* 3
Nov. 0 - 0 -
Dec. 1* __3_ 0 -
Average 5 8
Radiation Protection Standard(l) 2 x 105 2 x 105

*Tritium analysis made of monthly composite samples of water vapor. The net
tritium concentration in this, arrived at by subtracting that in an off-site
precipitation sample, is converted to air concentration on the assumption that
on the average 1 pCi/ml in vapor corresponds to 10 pCi/m3 in air, which is
strictly so at 59°F. and 50° R.H.

Estimated Error (at 95% confidence limits): + 1 pCi/m3, or + 50%.
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EUEVLOLY 0 L pARLE T o o0

1971 BNL ENVIRONMENTAL MONTUIURING
MONTHLY AVERAGE TRITIUM CONCENTRATION AND ACTIVITY TM PRECTPITATION

BNL BNL OFF-SITE
Concentration Activity Concentration
Month (pCi/1) (nCi/m2) (pCi/1)
January 661 33 300
February 300 . 17 210
March 1,570 96 459
April 1,470 55 605
May 972 81 705
June .
} 1,186 136 523
July .
August 460 61 306
September
} 325 41 82
October
November 273 16 104
December Eﬁé _32 lﬁg
Total 650% 556 320%
W‘;.'LI‘;'_:, .
Average
Estimated Error + 65 + 57 + 32
Radiation Protection 6 6
Standard** (1) 3 x 10 3 x 10

**por tritium in water released to the off-site environment.



OF PRINCIPAL 8 AND y. FMITTERS AT CLARIFIFR AND CHLORINE UHOUSE

PO

1971 PNL ENVIRONMENTAL MONITORTNG

-t o

LIQUID LFFLUENT FLOW, TOTAL ACTLVITY AID COLCHITRATION

CLMANTFTER
(mCi) .
Flow

ath x 10 len3 G3* 3H _Zgg fggg leﬂ 9OSr 952r-Nb l3{; 137Cs 144Ce
“an. 1.142 1.62 1,122 <0.10 0.13 0.07 0.19 < 0.01 0.18 0.40 0.34%
ob. 0.919  3.05 588 0.40 0.14 < 0.01 0.15 <0.01 2.04 0.35 0.30
.:reh 0.933 1.35 489  0.24 0.07 < 0.0l 0.12 0.02 1.01 0.19 0.30
pril 0.924 2.54 532 0.22 0.09 0.05 0.12 0.046 1.62 0.26 0.57
.ay 1.477 3.24 1,333 <0.10 0.11 <0.01 0.27 0.62 0.72 0.66 0.40
June 1.209 1.60 4,291 0.26 0.05 <0.01 0.21 0.04 0.87 0.22 0.26
2ly 1.306 2.51 626 0.51 0.09 <0.01 0.20 < 0.10 0.58 0.30 0.40
Lug. 1.701 13.48 706 < 0,10 0.26 < 0.01 6.36 < 0.10 2.63 5.11 1.72
lopt. ©1.339  5.77 407 0.56 0.09 <0.01 2.77 < 0.10 1.17 1.15 0.64
Kt 1.627 3.34 564 0.29 0.06 <0.01 1.09 < 0.10 0.66 0.53 0.43
v, 1.003 1.55 148 0.13 < 0.05 <0.01 0.46 <0.10 0.10 0.41 0.17
Tac, 1.001 3.98 158 0.28 0.04 0.02 0.38 <0.10 0.70 0.38 0.91
Zotal 14.579 44.03 10,962 293 1.16 0.19 12.32 1.03 12.28 9.96 6.44
1rg. Come. #o

(pCi/1) 30.2 7,510 2.0 0.8 0.1 8.5 0.7 8.4 6.8 4.4
5 of Total 100 - 7 -3 <1 28 2 28 23 14

CHLORINE HOUSE
(mCi)

Jan. 0.870 1.15 1,150 <0.10 0.02 < 0.01 0.10 < 0.01 0.07 0.90 0.22
Teb. 0.697 1.67 466 0.35 0.01 < 0.01 0.10 <0.01 0.39 0.78 0.23
tarch 0.784 1.23 432 0.18 0.03 <0.01 0.1l1 <0.01 0.23 0.68 0.34
April 0.760 1.34 439 0.12 0.02 <0.01 0.13 < 0.01 0.16 0.49 0.18
lay 1.167 1.72 1,207 < 0.10 0.02 0.03 0.19 0.04 0.09 0.48 0.11
June 0.963 1.26 3,454 <0.10 0.03 <0.01 0.15 0.03 0.12 0.55 0.15
July 1.020 1.60 598 0.26 0.02 < 0.01 0.12 - 0.13 0.50 0.24
Aug. 1.347 1.36 546 < 0.10 0.02 <0.01 0.31 < 0.10 0.19 0.51 0.29
Sept. 0.552 1.04 108 0.26 0.01 <0.01 0.77 0.01 0.26 0.27 0.17
Oce. 1.293 5.50 463 0.43 0.02 <0.01 5.18 - 0.28 0.97 0.36

(Continued next page)
“Includes Y only cmitters; does not include 3H.
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CHLORTNE HOUSE

(mCi)
Flow
—ath X Ioucm3 Gg* 3H Zgg 60Co 652n 9OSr 952r-Nh 1311 13705 IQAC(
ov. 0.905 2.90 131 0.15 0.01 0.01 1.33 - < 0.10 0.76 0.40
REYN 0.871 3.79 122 0.30 0.09 0.02 1.18 - 0.46 0.69 0.49
Jotal 11.219 24.54 9,116 2.21 0.30 . 0.10 9.67 0.15 2.44 7.58 3.18
wwg. Conc. .

(pCi/1) 21.0 8,120 2.0 0.3 0.1 8.6 0.1 2.2 6.8 2.8
. of Total 100 - 9 1 <1 39 1 10 31 13
GROUND WATER

(mCi)
Total 3.360 7.36 2,730 0.67 0.10 0.03 2.90 0.03 0.74 2.28 0.9¢
stimated
rror (%) +10 +10 +25 +50 +50 + 10 + 50 +25 +10 + 28
.adiation (1)
Protection 6 6 4 5 4 4 .
Standard (pCi/l) 600 3x10 2x10~ 5x10 1x10 300 6x10 300 2x10 1xiQ

*Includes y only emitters; does not include 3.



1971 DNL ENVIRONMENTAL MONTTORING

.- -

LIQUID EFFLUENT FLOW, TOTAT, ACTIVITY ARND CONCEMTRATION
OF PRINCIPAL 8 AND y EMITTERS AT FORMER PERIMETER (0.9 MILES DOUNSTREAM)

(mCi)
Flow
th X loucm3 Gg* 3H _713_9_ fﬂc_g Ef_gg 9051’ e l'37Cs L ¢
R 0.974 1.27 979 < 0.10 0,02 0.01 0.11 < 0.01 0.06 1.00 0.23
b, 0.953 1.85 658 0.23 0.02 <0.01 0.14 < 0.01 0.36 0.92 0.51
ch 0.957 1.50 448 0.34 0.02 <o0.01 0.16 0.02 0.20 0.80 0.20
ril 0.923 1.77 482 0.23 0.01 0.01 0.16 0.02 0.22 0.46 0.1
Y 1.332 1.73 1,275 < 0.10 0.01 0.02 0.28 0.04 0.12 0.58 0.4
ne 0.978 1.17 3,365 < 0.10 0.02 < 0.0l 0.21 0.02 0.07 0.48 n.13
:ly 1.004 1.43 584 0.16 0.02 < 0,01 0.12 - 0.12 0.41 0,24
13 1.262 1.28 532 0.09 0.02 < 0.01 0.27 - 0.13 0.54 0.2%
pt. 0.767 1.47 221 0.23 0.02 < 0.01 1.09 0.01 0.33 0.31 0,22
St 1.136 4.76 397 0.25 0.01 < 0.01 4.39 - 0.19 0.82 0.27
oV, 0.890 2.98 110 0.20 < 0.01 0.02 1.44 - <0.10 0.78 .23
e 0.919 3.77 125 0.30 0.02 < 0.01 1.08 - 0.2 0.74 2.3
stal 12.095 25.00 9,176 2.18 0.20 0.11 9.45 0.12 2.14 7.84 5.05
3. Conc. 20.6 7,560 1.8 0.2 0.1 7.8 0.1 1.8 6.5 3
of total 100 - 9 1 <1 38 <1 9 31 L/
'iia:ion(l)
irotection 6 6 4 5 4 4 S
zandards (pCi/l) 600 3x10 2x10~ 5x10 1x10 300 6x10 300 2x10 <i9)
LIQUID EFFLUENT FLOW, TdTAL ACTIVITY AND CONCENTRATION
OF PRINCIPAL 3 AND y EMITTERS AT SITE BOUNDARY (1.6 MILES DOUNSTREAM)
(mCi)
Jan. 0.627 0.72 716 < 0.10 0.01 0.01 0.06 < 0.10 0.03 0.50 3,21
Teb. 0.494 0.85 270 0.25 < 0.01 < 0.01 0.06 0.03 0.21 0.31 1z
tiarch 0.813 1.35 362 0.39 0.02 < 0.01 0.13 0.05 0.13 0.50 SPA
april  0.728  1.37 367  0.23 0.0l <0.01 0.12  0.04 0.08  0.36  9.l3
Hay 0.697 1.57 521 0.43 0.01 0.01 0.17 0.08 0.13 0.31 2.1
June 0.263 0.30 746 < 0.10 0.01 < 0.01 0.06 0.01 0.02 0.11 ).’
July 0.064 0.09 37 0.01 <0.01 < 0.01 0.01 <0.01 0.0l 0.03 ). 0.
Aug. 0.061 0.07 27 < 0.01 <0.01 < 0.01 0.01 - 0.01 0.02 y. 01
Sept. 0.053 0.09 15 0.02 < 0.01 < 0.01 0.08 < 0.01 0.02 0.02 G

(Continucd on ncxt page)

*Includes Yy only cmitters; does not include 33.
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TABLE viTY (Cénk?d)

SITE DBOUNDARY (1.6 MILES DOWNSTREAM)

(mCi)
Flow ! _
<th X 1011cm3 G8*% 3H Zgg 60Co 652n 9OSr 952r—Nb 1311 137Cs 1a4Ce
Ce 0.067 0.21 21 0.03 < 0.01 < 0.01 0.26 - 0.01 0.04 0.03
Ve 0.067 0.26 10 0.03 < 0.01 < 0.01 0.11 - < 0,01 0.03 0.02
R 0.067 0.34 9 0.04 < 0.01 < 0.01 0.08 - 0.01 0.03 0.03
-zal 4.001 7.22 3,101 1.54 0.10 Jfﬂﬁ{: 1’ Df23} 0.67 2.27 1.00
[ NI 1,

'_.;. Conc. 18.0 7’800 309 0.2 001 / 301, 006 1.7 507 2-5
of total 100 - 21 1 1 17 3 9 31 14
GROUND WATER

(mCi)

stal 8.094 14.59 6,075 3.15 0.16 0.08 2.52 0.49 1.37 4.61 2.02

.ctimated

rzor (%) +10 + 10 +25 +50 +£50 #1110 50 +25 +10 25
-diacion(1l)

rotection

andards (pCi/1) 1000 3x105  2x10% sx10® 1x10° 300 6xt0® 300  2x10*  1x10®

"Zncludes Y only emitters; does not include 3H.



CROSS BETA (pCi/l)

1971 BNL ENVIRONMENTAL ONITORING
MONTHLY DOWNSTREAN AND CONTROL WATER SAMPLES
GROSS BETA (pCi/1) AtD 30 (ncif1)

[N

Month

B

c

Downstrecam Locations

D

Jan.
Feb.
March
April.
May
June
July
Aug.
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Oct.
Nov.
Dec.
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 d
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1971 BNL #NVIRONMENTAL MONITORING

CONCENTRATIONS OF y-EMITTING NUCLIDES
- I8 PECONIC RIVER AND CARMAT'S RTYVIN SENIMTNTS

Peconic River

60z, 8324 137 Th v K
Station (pCi/kg) (pCi/kg) (pCi/kg) (pCi/ke) (pCi/ke)  (um/kg)
o* 93 95 409 737 484 3.17
K - - 846 1,300 - 1.19
L 190 41 1,230 1,330 1,060 4.17
L’ 1,030 150 3,330 1,650 - 3.91
M 172 63 1,590 4,890 - 3.68
Q - - 718 645 642 2.02
A 31 47 1,170 669 522 1.61
B 44 81 - 841 839 3.93
c - - 727 925 646 3.12
D 26 7 277 357 524 1.74
\'4 66 32 228 369 527 2.63
W 31 6 84 407 436 2.13
R - - 88 290 116 0.88
Y - 64 - 509 - 2.54

4

Reference (Carman's River)

Average (2) - - 187 607 427 2.69

*Sewage Outlet



Station

(pCi/ks)

7Be

AéDI% cuwm

1971 BNI. EMVIRONMENTAL MONIDTORING
CONCENTRATIONS OF Y-EMLTTING HUCLIDES

IN PECONIC RTVER AND CARMAN'G RTVER VECETATION

Carex

HESTDOWDP>OIH A

~

scdpe

1,450
1,920
1,680
2,340

1,580
895

3,230

1,130

Potedaria (pickerel weed)

S R E-E-Ne!

265
238
645
451

43
109

Vallisneria (wild celery)

M

c
D

289
217

Reference Vegetation (Carman's River)

Carex

Misc.

273
668

6000 9SZr--Nb 13765 Th U K

(pCifke) (pCi/kp) (pCi/kg) (pCi/lki) (pCi/kn) Grm/ky)
- 861 1,370 284 160 1.84

- 1,050 1,440 378 - Co-
- 1,164 1,100 278 283 1.00

- 686 : 514 173 204 -
- 488 2,990 252 349 0.13
- 666 5,050 - 388 0.64
- 740 1,420 251 189 1.11

- 551 1,130 138 94 -
- 1,330 1,800 396 194 6.70
811 1,030 381 1,500 - 3.05
- 750 415 953 836 4.20
- 924 - 39 496 1.27
- 71 100 62 41 1.10
- 222 - 63 52 1.96
- 116 106 67 63 0.69
- 96 - 26 44 1.47
- 186 - 36 28 0.88
249 - 380 208 0.62
- 126 68 79 - 1.28
30 88 57 57 53 0.91
696 223 . 74 67 4.70
315 272 124 93 5.61
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1971 BNL INVIROhHlNTAL MﬂﬂIYORING
CONCENTRATIONS OF y=EMLITTING NUCLIDES
IN ANTMALS OBTAINED FROM THE _PECONTC _RIVER

7Be 60Co 137Cs Th

u K
No. Station (pCi/k+) (pCi/fke) (pCifku) (pCi/ks) (pCi/fke) (em/lee)

2 Snapping Turtles

L 220 - 478 - 82 0.52
M 7,176 - 1,270 1,586 1,372 4.82
1 Box Turtle
L’ - - 13,520 2,500 - -
4 Eastern Painted Turtles
M 348 - 1,290 422 173 -
M - - 672 144 161 1.18
M 7,860 - 889 215 130 -
c 190 - 205 - 58 1.62
5 Pickerels
M - - 795 352 864 -
M 1,120 - . 805 . - 416 -
Q - - 1,480 263 169 -
A - 445 247 109 170 - -
A 815 - 464 401 204 -
3 Catfish
Q 1,000 - 605 443 436 -
B 335 - . 580 164 129 . -
c 454 - o 654 205 134 1.78
2 Perch
Q - - 647 201 218 -
Q 689 - 1,280 793 869 -
1 Clams (several counted together)
c 129 - 89 210 228 0.31
Radiation Pro-(1)9 x 107 2 x 10° 9 x10°0 9x10° 9 x10° -

tection Standard*

*Assumed intake of 50 gms/day.



1971 BNL ENVIRONMENTAL MONITORING
GROSS BETA AND TRITIUM! CONCENTRATIONS

LN POTALLL UNVTHR SUPPLY WELLS

GROSS BETA (pCi/l)

Well # _1 = _2 3 4 5 6 7 101 102 103 104 105
Jan. 1.0 <1.0 <1.0 1.2 <1,0 1.2 <1:.0 1.0 <1.0 1.6 <1.0 2,1
Feb. < 1.0 <1.0 <1.0 1.6 <1.0 1.4 <1.0<1.0 <1.0 2.1 - -
Mar. 2.6 4,2 1.3 2.9 3.1 5.5 1.5 1.6 4.0 1.5 - -
Apr. 2.1 2.4 2.3 3.2 2.8 2.2 2.7 1.5 1.6 2.2 2.3 1.9
May 3.5 4.1 2.8 2.7 3.1 4.0 2.7 - - - 2.8 2.9
June 1.4 1.8 2.9 1.2 1.4 1.4 1.1 1.2 - - 1.6 1.6
July ~ NOT SAMPLED
Aug. NOT SAMPLED
Sept. NOT SAMPLED
Oct. <1.0 <1.0 <1.0 - 1.2 1.3 <1.0<1.0 <1.0 1.3 <1.0 2.1
Nov. <1.0 <1.0 <1.0 2.2 «<1.0 2.8 2.2 1.5 1.4 1.9 <1.0<1.0°

Dec. 0.9 2.6 1.6 2.2 1.7 4.7 1.5 0.9 1.3 2.4 <1.0<1.0

Average 1.5 21 1.4 2.2 1.7 2.8 1.5 1.0 1.4 227 1.2 1.7
v Gy ' q
Radiation Protection Standardglloo pCi/1 (for unidentified nuclides, in the absence

of 226Ra or 228Ra.)

+ All tritium concentrations < 1.0 nCi/l.
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1971 BNL ENVIRONMENTAL MONITORING
MONTHULY sguP SAMPLES
GROSS BETA (pCi/l) AND U (nCi/1) (COLCINMTATTIONS

GROSS_BETA (pCi/l)

N (o) ) 4
North of
Month Evaporator East of HIRDL Medical

(g

Jan.
Feb.
March
April
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.

W ~NWwo

—
e NN WL 0N
N e = W RN N

wn 'O\NHman
A

o |
. |

Average

3H (nCifl)

Jan.
Feb.
March
April
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.

AANA
AANANANA
ANAA

B e e e et et gl ek et s

AAANAA

AANANAAAA
TR S R S O RSP G P

AANAANA
- |P‘P‘h‘h‘FGF*U!F‘P‘F‘P‘F‘

A
[
A

Average

. 3 3 .
Radiation Protection Stgndarg_:(l)cross Beta - 1,000 pCi/l; "H - 3 x 10 nCi/l.
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TABLE XVII

1971 BNL ENVIROMMENTAL MONITORING
CONCENTRATTIONS OF YYsr. 121y L3/¢s anp K IN MTIK

Farm B -~ 10 Km SSW Fove ¢ - 'Y 7w 8N

90 4o 131 137, Kk Mg . 121 137, ¢
Month  (pCif1)  (pCif1) (pCi/1) (sm/1) (pCif1) (pCi/}) (pCif1) (/1)
Jan. <5 16 1.42 <5 18 1.33
Feb. <35 22 1.41 <35 24 1.48
March 5 <5 24 1.41 ‘ 10 <5 14 1.16
April <5 12 1.35 <5 10 1.21
May <5 23 1.47 <5 20 1.15
June 6 <5 27 1.44 5 <S5 20 1.35
July <5 | 16 1.32 <3 15 1.21
August <5 23 1.61 <5 22 1.2¢
Sept. 6 <5 20 1.00 11 <5 20 1.99
Oct. <5 15 1.34 <5 22 1.4¢
Nov. <5 15 1.15 <5 14 1.4
de. <3 <5 13 B 10 =5 m L&
Average 5 <5 19 1.37 9 <5 18 1.3
Radiation(l)
Protection )
Standard 200% 100t 4 x10% - 200% 100 4 x 10%

* Based on FRC Radiation Protection Guide(g and an assumed intake of one liter/dav.

(4)

**Quarterly Data of New York State Health Department’ .
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